AbsTrACT background Older people experience poorer outcomes from colon cancer. We examined if treatment for colon cancer was related to age and if inequalities changed over time. Methods Data from the UK population-based Northern and Yorkshire Cancer Registry on 31 910 incident colon cancers (ICD10 C18) diagnosed between 1999-2010 were obtained. Likelihood of receipt of: (1) cancer-directed surgery, (2) chemotherapy in surgical patients, (3) chemotherapy in non-surgical patients by age, adjusting for sex, area deprivation, cancer stage, comorbidity and period of diagnosis, was examined. results Age-related inequalities in treatment exist after adjustment for confounding factors. Patients aged 60-69, 70-79 and 80+ years were significantly less likely to receive surgery than those aged <60 years (multivariable ORs (95% CI) 0.84(0.74 to 0.95), 0.54(0.48 to 0.61) and 0.19(0.17 to 0.21), respectively). Age-related differences in receipt of surgery and adjuvant chemotherapy (but not chemotherapy in non-surgical patients) narrowed over time for the 'younger old' (aged <80 years) but did not diminish for the oldest patients. Conclusions Age inequality in treatment of colon cancer remains after adjustment for confounders, suggesting age remains a major factor in treatment decisions. Research is needed to better understand the cancer treatment decision-making process, and how to influence this, for older patients.
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InTroduCTIon
Colorectal cancer is the third most commonly diagnosed cancer in men and women in the UK 1 and globally. 2 Survival from colon cancer worldwide is worse in those aged ≥65 years, 3 despite >70% of cases occurring in this age group. 1 In addition, a survival deficit has been identified in the UK compared with countries with the highest cancer survival (Australia, Canada, Norway and Sweden). Both 1-year and 5-year survival for colorectal cancer are 8%-10% lower in the UK than in countries with the highest survival, and this increases to a 10%-15% difference for those aged ≥65 years. 3 There is evidence that the gap in colorectal cancer survival between older and younger patients widened between 1988-1990 and 1997-1999 across Europe in women, although narrowed slightly during the same time period in men. 4 There was lower survival in the UK compared with five other countries with similar levels of healthcare access, included in the International Cancer Benchmarking Partnership, and this was more pronounced in older (aged 70-99 years) patients. 5 Age-related variation in survival is much less marked in the USA than in Europe and has been attributed to earlier diagnosis and more aggressive treatment in the USA. 6 It has been suggested that in several countries, including the UK, elderly patients with cancer are undertreated compared with younger patients, [7] [8] [9] and that this unequal access to treatment in practice, despite universal access in theory, accounts for at least some of the reported survival difference.
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Previous work suggests that elderly patients are significantly less likely to receive adjuvant therapy for colon cancer. 10 11 It has been observed that elderly patients who survive 1 year after diagnosis of cancer have a similar 5-year prognosis to middleaged patients, 4 suggesting that elderly patients who are in sufficiently good health to withstand treatment can derive similar benefits to younger patients. Determining the best course of cancer treatment for elderly people, a population that is heterogeneous in terms of health status and degree of frailty, is difficult for clinicians. 12 Comorbidities, poorer health status and cancer stage at diagnosis, as well as patient preferences, may be valid reasons for not offering aggressive treatment to frail, older patients. 13 However, many epidemiological studies of patterns of treatment by age fail to account for these factors.
A better understanding of age-related inequalities in treatment of colon cancer would help to inform interventions to improve cancer control. We undertook a population-based study to investigate if there are age-related inequalities in colon cancer care in the North of the UK, taking into account comorbidity and other confounders and, if so, if these inequalities have changed over time.
MeThods data sources
Data on age, sex, area deprivation (as a proxy for socioeconomic status (SES)), year of diagnosis, tumour site and stage and treatments received (cancer-directed surgery and chemotherapy) were obtained for all patients diagnosed with colon cancer (ICD10 C18) between 1 January 1999 and 31 December 2010 from the population-based Northern and Yorkshire Cancer Registry (NYCRIS). NYCRIS covers a population of 6.8 million people. Hospitals mandatorily report cases of cancer directly to NYCRS. Extensive quality assurance of the register is performed.
14 Information on treatments received until 31 December 2011 was available (ie, 12 months after the latest date of diagnosis). 
outcome variables
The outcome variables of interest were chosen to reflect current colon cancer treatment guidelines 15 16 : receipt of cancer-directed surgery compared with no cancer-directed surgery (n=31 910 patients included in the analysis), receipt of chemotherapy in surgical patients (n=24 263), receipt of chemotherapy in non-surgical patients (n=7647) and receipt of no cancer-directed treatment (ie, no surgery, chemotherapy or radiotherapy; n=31 910).
explanatory variables
Age at diagnosis was categorised into <60, 60-69, 70-79 and 80+ years. Linearity of the relationship between age and outcomes was checked and it was appropriate to group age in this way for the analyses.
Area deprivation was measured using the rank of the income domain of the Index of Multiple Deprivation (IMD), grouped into quintiles, based on the distribution across England, with quintile 1 representing the most affluent areas and quintile 5 the highest level of deprivation. 17 Year of diagnosis was categorised into three equal sized groups for ease of presentation and interpretation: 1999-2002, 2003-2006 and 2007-2010 . Cancer stage was assigned using the TNM staging system 18 and categorised as I, II, III, IV, unstaged or staged post-treatment. NYCRIS provided a weighted comorbidity score based on the Charlson comorbidity index (CCM), 19 which provides a count of the number of relevant in-patent admissions (excluding metastatic cancer) recorded in HES data in the time period 3-18 months prior to the colon cancer diagnosis. The comorbidity score was categorised as 0, 1-2 or 3+ comorbid conditions resulting in an inpatient episode for ease of interpretation.
statistical analyses
Cases registered on the basis of a death certificate only were excluded (n=495). In the remaining cases, the distribution of receipt of cancer-directed treatment (surgery, chemotherapy in surgical patients, chemotherapy in non-surgical patients and no treatment) by age, sex, SES, period of diagnosis, stage and CCM was examined. As chemotherapy is not an appropriate treatment in early stage colon cancer, analyses were repeated, restricted to stage III and IV cancers.
Univariable and multivariable logistic regression models were used to examine the likelihood of receipt of each of the treatment outcomes by age group with and without adjustment for covariates. Trends in likelihood of receipt of treatment by age over time were examined. Interaction between age and time period of diagnosis was tested by fitting a cross-product term and comparing, using the likelihood ratio test, the model with the cross-product term and nested model without the crossproduct term. For ease of interpretation, the results presented here show risk estimates for age group, stratified by period of diagnosis. In addition, graphs showing the marginal effects of the interaction terms are included as an online supplementary web figure.
Stata V.14.0 was used for all analyses.
resulTs
The analysis included 31 910 patients with incident colon cancer.
There was an increase of cases over time. Almost two-thirds (63%) of patients were aged ≥70 years at diagnosis; a slightly higher proportion were men (52%) than women (table 1) .
receipt of cancer-directed surgery
There was a strong inverse association between age group and the OR for receiving surgery which became even stronger after adjustment for the covariates ( There was no gender effect but patients from poorer areas were less likely to receive surgery. Comorbidity was associated with a reduced odds of surgery.
receipt of chemotherapy in surgical patients
Similar age patterns in receipt of chemotherapy were seen, although the gradient was even more extreme ( Figure 1A shows that the difference in the ORs for receipt of surgery for patients aged 60-69 years and 70-79 years compared with those aged <60 years diminished over time. However, the change in the OR for patients aged 80+ years was much less marked (OR=0.23, 0.18 to 0.29; 0.19, 0.15 to 0.24 and 0.16, 0.13 to 0.20 for the three time periods, respectively). Significant interactions were found between age and period of diagnosis for receipt of surgery (p=0.010) and receipt of chemotherapy in surgical (p=0.001), but not in non-surgical (p=0.807), patients, suggesting that the relationship between receipt of treatment and age has changed over time (online supplementary web figure) . In all time periods, surgical patients in the older age groups remained less likely to receive chemotherapy than those in the <60 years group ( figure 1B) . However, the difference in the ORs was smaller in 2007-2010 than in 1999-2002 for those in the 60-69 year and 70-79 year age groups. There was no change in the 80+ year age group. The likelihood of receiving chemotherapy alone remained constant within each of the age groups over the time periods observed ( figure 1C) . The likelihood of receiving no treatment decreased somewhat over time in the 60-69 year age group, but increased in the 80+ year age group (OR=11.1, 8.3 to 14.7; 15.4, 11.9 to 20.0 and 19.2, 14.9 to 24.7 for the three time periods, respectively) ( figure 1D ).
Time trends in colon cancer treatment

dIsCussIon
Main findings
Age inequalities in the receipt of colon cancer-directed surgery, chemotherapy in surgical patients and chemotherapy in non-surgical patients were apparent in this population-based registry study, after adjustment for factors likely to be associated with research report the appropriateness of providing treatment, including stage and comorbidity. These differences persisted over time. We identified an interaction between age and time period of diagnosis associated with receipt of treatment. This suggested a narrowing of the treatment gap during the period 1999-2010 between those aged <60 years and those aged less than <80 years, but no change in the treatment gap between those aged <60 years and the oldest (aged ≥80 years and older) patients.
strengths of this study
The strengths of this study are the use of a population-based registry, linked to NHS HES data. The NYCRIS has been found to have excellent population coverage. 20 This meant we have robust data on cases of colon cancer, treatment received and information on potential confounding factors. In contrast to many other studies that have examined the relationship between age and receipt of treatment for colon cancer and failed to adjust for comorbidity, data on comorbidity were available for patients included in this study.
Weaknesses of this study
Data included in this study were from the north of England. This potentially reduces the generalisability of our findings to other settings. As is common in population-based datasets, a notable proportion of patients (14% overall) were unstaged. While this could be due to a failure by the registry to record staging information, the low percentage of unstaged patients who were treated, and the increase in percentage unstaged by age (24% in the 80+ age group compared with 8% in the youngest age group), suggests that it is more likely to be because these patients were simply too unwell to be staged. Even in this large dataset, some subgroups were relatively small and had few events meaning that the ORs were very small or large. However, we would suggest that the precise risk estimates are not the most important aspect Figure 1 ORs (with 95% CIs) for receipt of colon cancer directed treatment by age group, over time, adjusted for sex, deprivation, stage and comorbidity.
of our results; rather the importance lies in the observed pattern of treatment receipt by age.
We had information on treatment receipt and, for chemotherapy and radiotherapy this is, in effect, whether an individual started a course of treatment. A limitation is that we did not know whether they completed the course; some studies suggest that a significant proportion of patients cannot complete treatment due to toxicity. 21 Although we took account of comorbidity in our analyses, the Charlson comorbidity index 19 that we used to identify comorbidities captures information only on conditions that require an inpatient stay. It is possible, therefore, that individuals who had a score of zero recorded for comorbidity suffered from conditions that would be included in the index, but received all their care in primary care or as outpatients. It is also the case that patients with different severity of comorbid diseases receive the same score, making it a somewhat crude measure. In addition, the CCM was not designed to detect frailty, which is common in older individuals and is an important consideration when determining appropriate treatment for colon cancer given the physical burden associated with cancer treatment. 12 It is very likely that we have underestimated true levels of comorbidity in the study population and failed to fully control for confounding by health status. Thus, it remains possible that the observed trends in treatment receipt by age could be a result, at least in part, of valid clinical decisions based on the patient's overall health and likely ability to withstand treatment. As is usual with registry data, we did not have information on whether treatment was given with curative or palliative intent. In addition, patient and family preferences around quality of life can also influence treatment decisions and as this is not recorded, we were unable to take these factors into account in our analyses.
We note that, despite those in the oldest age group with a stage I-III cancer being significantly less likely to receive surgery than those in the youngest age group, the number in this age group not receiving surgery was small (n=98 patients; 2%) and this might be accounted for by sound clinical reasons not to offer surgery to these individuals.
Interpretation of findings
Age-related inequalities in the treatment of colon cancer have previously been reported. In particular, it has been noted that older people with colon cancer typically receive less adjuvant chemotherapy than younger individuals and that the likelihood of receiving adjuvant chemotherapy decreases with age. 22 Putative reasons for this include that evidence for the effectiveness of adjuvant chemotherapy in older populations is lacking. 23 More good quality trials of different treatment options in the elderly population on which evidence-based treatment decisions can be made are needed. 10 Where trials in elderly and frail populations have been attempted, successes have been reported. The MRC FOCUS2 trial, an open factorial trial, designed to research report examine reduced dose chemotherapy in elderly and frail patients (median age of 74 years) with advanced colorectal cancer, demonstrated that these patients can be included successfully in randomised controlled trials and that age and frailty should not preclude individuals from participation in research. 24 Previous work has suggested that clinicians rely too much on chronological age rather than an assessment of biological age and capacity to withstand treatment when making decisions about how to treat patients with cancer. 25 The difficulty of, and resources needed for, evaluating the vulnerability of elderly people to cancer treatment using the comprehensive geriatric assessment (CGA) has been acknowledged. Frailty screening methods to negate the need for the CGA to be used to assess all elderly patients have been proposed, but none has yet proved to be satisfactorily able to discriminate between those who are robust and should receive standard cancer treatment and those who should receive a CGA. 12 Current guidance remains that all elderly people should receive a CGA to inform treatment decisions.
When we considered whether or not inequalities in receipt of treatment had changed over time, we found some evidence that the treatment gap between those aged <60 years and the 'younger old' (aged <80 years) had narrowed to some extent, but that there was no evidence of a narrowing of the treatment gap for the oldest old. This might reflect accumulating trial evidence suggesting that the benefit of adjuvant chemotherapy is independent of age, at least up to the age of 79 years, but that data on the oldest old are lacking. 26 In a pooled analysis of adjuvant chemotherapy for 3351 patients with resected colon cancer, 14% of included patients were aged 70-79 years but <1% were aged ≥80 years, leading the authors to conclude that extrapolation to the oldest age group should be made with caution.
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Within the UK, there is increasing interest in ensuring that the elderly receive appropriate cancer treatment. Action for the elderly in cancer was identified as a main priority at the Britain Against Cancer Conference in 2013. 7 The National Cancer Equality Initiative, in collaboration with the Pharmaceutical Oncology Initiative (NCEI-POI), is a UK-wide effort to challenge ageism in cancer care. NCEI-POI seeks to better understand how treatment decisions are made in relation to cancer care for older people and to identify how more personalised treatment plans can be developed. 27 It is important that the fitness of the individual patient, the potential benefit they might gain from different treatment regimens and patients', and their family's, perspectives on treatment should all be taken into account when designing an optimum care plan.
It was noted in a recent report published by The Royal College of Surgeons of England that existing national guidance does not make specific recommendations on how to treat older patients with colon cancer, and concluded that 'all reasonable curative treatment options' should be explored.
28 Since it is extremely unlikely that the age-disparities in treatment that we have observed can be explained by patient or family preference, our data suggest that 'all reasonable curative options' are still not being explored. It should be acknowledged, however, that there remains a lack of good quality research into the treatment of elderly patients with colon cancer to inform treatment options. 27 This, together with further research to better understand the treatment decision-making process, and how to influence this, is urgently needed.
While the focus of our enquiries was on age equity, our results also demonstrated marked effects by area deprivation, and for chemotherapy, there were also gender differences. These are also important in terms of equitable access and appear to have independent effects so that older women in deprived areas would be least likely to receive some interventions.
Colon cancer is common in older people, with 43% of cases diagnosed in people aged ≥75 years in the UK between 2009 and 2011.
1 Current demographic changes leading to an increasingly older population means the number of individuals diagnosed with colon cancer is likely to increase. There is a need for work both to identify the most effective treatment for colon cancer in older populations and to understand clinicians' decision-making processes to ensure equitable access.
What is already known on this subject ► Older individuals have poorer survival from colon cancer than younger individuals. ► Inequalities in access to appropriate colon cancer treatment might account for this poorer survival.
What this study adds
► Older age is associated with lower likelihood of receiving colon cancer-directed surgery and adjuvant therapy, and greater likelihood of receiving no cancer-directed treatment, after adjustment for confounding factors. ► There is evidence that the treatment gap between the youngest patients and the 'younger old' decreased between 1999 and 2010. ► There was no narrowing of the treatment gap between the youngest patients and the 'oldest old' during this period.
